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ment for the study of vi¬ 
brational phenomena. 

The study of the the¬ 
oretical as well as the 
practical aspects of vi¬ 
brations in mechanical 
systems has been greatly 
stimulated by the cur¬ 
rent emphasis on the 
mechanical side of war¬ 
fare. The development 
of fast fighting planes, 
long-range bombers, 
high-speed torpedo 
boats, and armored ve¬ 
hicles depends, in no 
small measure, on the 
ability to measure and 
to control vibrations in 
the machinery andstruc- 



FlCl RE 1. Measuring vibra¬ 
tion in a punch-press motor 
with the vibration pickup 
and sound-level meter. 


• THE CURRENT DIFFICULTY in 

obtaining instruments and equipment, irre¬ 
spective of priority rating, has focused 
attention on the problem of extending the 
usefulness and application of instruments 
already on hand. One of the mQst fruitful 
possibilities in this direction is that^rf util¬ 
izing sound-measuring and analyzing equip- 
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turc. Tin* present article will show that, 
if suitable pickup mechanisms are avail¬ 
able. the Type 759-B Sound-Level Meter 
and the Type 760-A Sound \nalyzer (or 
tlte Type 736-A Vi avc Analyzer) can 
be used for satisfactory measurement 
and analysis of linear and torsional vi¬ 
brations. One or more of these instru¬ 
ments will be found in most industrial 
research laboratories. 

LINEAR VIBRATIONS 

The Type 759-B Sound-Level Meter 
can l>c readily adapted for vibration 
measurements simply by replacing the 
microphone with a suitable vibration 
pickup. Since this instrument has a high 
input impedance, for use with a crystal 
microphone, a crystal pickup can In* 
substituted directly. 

T he reading of the sound-level meter 
will l>e a measure of the acceleration' ol 
the vibrating member to which the 
pickup is applied, because the crystal 
pickup, as commonly manufactured, is 
inertia-o|H‘rated. More frequently, how¬ 
ever, an indication of the umplitiule of 
the vibration, inde|>endcnt of frequency, 
is desired, and occasionally a measure of 
vibration velocity. Fortunately it is a 
simple matter to convert the output 
voltage of the pickup to a voltage that is 
pro|N>rtioual to velocity or displacement. 
The voltage across the condenser in a 

in eqmi alenl |r» sMvinj: that, for a nmMiitl ampli¬ 
tude. the rrmpunrr it proportional to the aquarc of the 
frequency. 


series resistance-capacitance circuit is 
proportional to the integral of the im¬ 
pressed voltage at all frequencies for 
which the reactance of the condenser is 
small compared to the series resistance. 
Acceleration integrated once gives ve¬ 
locity, and the velocity integrated once 
gives displacement, so that a simple 
combination of resistors and condensers, 
together with a selector switch, can be 
used to provide any one of the three 
types of res|>onse. 

The Type 759-P35 Vibration Pickup 
and the Type 759-P36 Control Box, de¬ 
signed particularly for use with the 
Type 759-B Sound -Level Meter, have 
been available for some time. 3 The de¬ 
sign of the control box is such that flat 
response is maintained to a frequency 
very close to the resonant frequency of 
the crystal pickup. (Calibration figures 
are supplied, so that the decibel readings 
of the Sound-Level Meter can be con¬ 
verted to absolute values of vibration 
displacement, velocity, or acceleration. 
Figure 2 shows the over-all frequency re¬ 
sponse of a pickup, control box. sound- 
level meter combination. The low-fre- 
queney response is limited by llie response 
of the amplifier in the sound-level meter, 
which, in its normal application, is not 
required to amplify frequencies below 
20 or 30 cycles per second. 1 

•literature deorribitiR throe unit* will l«r »rnt request. 

The TYPK 7f»|-A Vibration Mrlrr. an mutrument that it 
functionally identical to the combination deacrilievl above, 
wn* announced in the June, 1911. fcltperi/wrn/er. Ilein? 
specifically deaiRned for vibration work, however, tin- in 
ftlrmnent is direct readmit in vibration displacement, ve¬ 
locity, anil acceleration, and ran be used at frequencies a* 
low as 2 cycles. 


Fid me 2. Over-all frequency response of the vibration pickup, control box, and sound- 

level meter. 
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made with the equipment described 
above, of the vibrations occurring in a 
large surface grinder. 

The Type 736-A Wave Analyzer may 
also be used to evaluate the frequency 
com|K>nents of the output voltage of the 
hound-level meter. The selectivity of 
this analyzer, 4 however, is so high that 
unless the vibration is very stable, it 
may be difficult to obtain satisfactory 
readings at the higher frequencies. Fur¬ 
thermore, at the lower frequencies, the 
band width of 4 cycles may lx* too 
broad to obtain a satisfactory separa¬ 
tion of non-harmonic components that 
may fall very close together in frequency. 
In addition, the instrument is some¬ 
what bulky as compared to the Type 

•Tbr bind width it aiipruiini«tely 4 cycle*. and it wide 

K ndrnt of frequency. In contra*I to this. tbr Tm 760 
a a constant fractional band width, firing tbr *amr ef¬ 
fective separation and tuning inability at all frequencies. 


Figure 4. Frequency analysis of the vibrations occurring ut the cxhuusl horn of a vertical 
grintling machine. The large component ut 60 cycles corresponds to the second harmonic of 
the rotational speed of the driving motor. The 1100-cycle component is caused by u reso¬ 
nance in the motor housing. 
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Figure 3. View of the Type 759-P36 Control 
Box. Nominal calibration data are given on the 
nameplate. 


ANALYSIS 

In many applications a knowledge of 
the frequency distribution and the rel¬ 
ative amplitudes of the various com¬ 
ponents of the vibrational disturbance 
is important. If the Type 760-A Sound 
Analyzer is used at the output of the 
sound-level meter, the entire vibration 
spectrum can be scanned in a few 
minutes, and the frequency and mag¬ 
nitude of the significant components 
noted. In Figure 4 is shown ail analysis, 
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760 and requires preliminary adjust¬ 
ment.* that are relatively critical com¬ 
pared to tile simplicity of operation of 

the Type 760. 

TORSIONAL VIBRATION 

Of utmost importance in the design 
and testing of cam shafts, drive shafts, 
propellers, and other rotating mechan¬ 
isms that transmit or deliver power is a 
knowledge of the frequency and ampli¬ 
tude of the torsional vibrations that 
exist. (July when a means for measuring 
such vibrations is available can an intel¬ 
ligent program be directed toward their 
reduction or elimination. 

Perhaps the most widely accepted 
method of analyzing torsional vibra¬ 
tions is to make an oscillogram of the 
vibration, using a torsional pickup, in¬ 
tegrating amplifier, and recording oscil¬ 
lograph.* A mechanical harmonic an¬ 
alyzer is then used to obtain the mag¬ 
nitudes of the different components of 
the complex wave. Although this method 
is admittedly the most thorough (it 
yields the phase relations as well as the 
amplitudes), its use has been somewhat 
limited by the relatively high cost of the 

‘ TIu? iiMind analyser luu lieen found rxtrrmrl* u»<*fu1 
Midi llu- rtpiipinnit. »iinr it if often de*irat>lr to knot*. 
%*hilr life tr«t» arc being run, what the frr«pirnrie* and rela¬ 
me amplitude* are. 
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Figure S. A simple integrating network that 
can he used to convert the output of the No. 

89216 torsional piekup to a voltage proportional 
to angular displacement. 

equipment involved ami hy the fact that 
considerable time is consumed in de¬ 
veloping and analyzing the records. For 
production or maintenance testing, in 
particular, the latter objection can be¬ 
come sufficiently serious to rule out 
the method. 

Owing to the speed and convenience 
with which measurements can be made, 
the combination of sound-level meter 
and analyzer offers an attractive jm>s- 
sibility for use in conjunction with a tor- ^ 
sional pickup. Tests made with a 
Sperry* pickup (No. 89216) indicate 
that entirely satisfactory jierformance 
can lie obtained from a lower limit of 25 
cycles to an upper limit determined 
solely by the pickup. This type of 
pickup, when mounted against a shaft, 
is insensitive to the steady-state angular 

'Vibration piekuiw. amplifier*, and recorder* formerI* 
manufactured hv tlie Sperry C>ro»eope Company are no** 
made and *old b) Ilonootnlalrd Engineering Corp.. 1255 
Kant Green Street. I'aaadrna. California. 


FlCI kk 6. Over-all response of the torsional pickup, the integrating network of Figurr 5, anti 
llu* Type 7S9-B Sound-Level Meter. Data were not taken abo\e 90 cycles because of the 
limitation* of the mechanical calibrator u*rd. hut an essentially flat response should he main¬ 
tained to about 1000 cycles, the upper frequency limit of die pickup. 
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motion, hut produces a voltage propor¬ 
tional to the angular velocity of any 
torsional vibration that is superimposed. 
To convert this voltage to a voltage pro¬ 
portional to amplitude of angular dis¬ 
placement, it is only necessary to in¬ 
tegrate once, using a series resistance - 
capacitance circuit. A satisfactory in¬ 
tegrating network can be made with a 
0.1-megohm resistor and a 0.5 /uf con¬ 
denser, as shown in Figure 5. The 
response of the sound-level meter with 
the network of Figure 5 interposed be¬ 
tween pickup and amplifier is shown in 
Figure 6. A constant calibration ampli¬ 
tude of 2.02 degrees was maintained as 
the frequency of vibration was varied 
from 25 cycles to 90 cycles. 7 The min¬ 
imum measurable amplitude is limited 
by the sensitivity of the pickup to about 
0.1° at a frecpiency of 60 cycles, while 

’This tot wan made in the laboratories of Uie Ranger 
Engineering Corporation, Farmingdulc. Long Inland. 
New York. 


the maximum amplitude that can he 
measured is essentially limited by the 
maximum angular displacement that the 
pickup can safely accommodate. The 
response of the pickup is linear up to 
10° double amplitude. 

Mere again, the use of the Type 736-A 
Wave Analyzer (directly across the out¬ 
put of the integrating network) is fea¬ 
sible but, as previously explained, is not 
generally as satisfactory as tlie scheme 
outlined above. 

While of course it cannot he pretended 
that the various arrangements discussed 
above can completely replace equip¬ 
ment specifically designed for vibration 
measurement and analysis, experience 
has shown that entirely satisfactory re¬ 
sults can be had in the study of vibra¬ 
tions at frequencies above 20 or 25 
cycles. — Ivan G. Easton 



Figure 7. The Type 760-A Sound Analyzer set up for analyzing torsional vibration. The 
pickup is shown on the end of the crankshaft at the extreme left. The sound-level meter 
is not shown in this photograph. 
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A 100-WATT OUTPUT POWER METER 


•THE OUTPUT POWER METER 

for power-output anil internal-im¬ 
pedance measurements on radio re¬ 
ceivers, amplifiers, and oscillators was 
first introduced by General Radio nearly 
ten years ago.* Over a thousand of these 
instruments have been sold and, with the 
development of the art, their general 
utility around the communications lab¬ 
oratory is constantly increasing. 

•”A Power Meier with ■ Wide Freqornry Range/’ 
I'itprrimmtrr. May, 1932. *'A Direct-Reading Meter foe 
Power and Impedance Measurement*." itxpmmrntrr, 
November. 1932. 


Ficcrk I. Panel view of the Type 783-A Out¬ 
put Power Meter. 



it has been evident recently that there 
exists a field for an instrument of the 
same type but capable of dissipating 
greater amounts of power, and the new 
Type 783-A Output Power Meter has 
been designed to meet this need. 

Nearly as sensitive at low power levels 
as the older Type 583, this new instru¬ 
ment has a much wider power range ex¬ 
tending to a maximum of 100 watts. The 
power scale on the indicating meter 
extends from 0 to 10, and is used in con¬ 
junction with a set of five push-button- 
operated decade multipliers. An auxil¬ 
iary decibel scale is provided on the 
meter, extending from —10 dh to -f 10 
db, referred to a level of 1 milliwatt. 

The impedance range is 2.5 ohms to 
20,000 ohms, covered by means of two 
switches, one direct reading in ohms, 
the other a multiplier. 

The accuracies of both power and 
impedance indications arc maintained 
over a considerably wider frequency 
range than in the Type 583. 

A functional schematic diagram of the 
Type 783-A Output Power Meter is 
given in Figure 2. As can be seen from 
this diagram, the instrument is equiv¬ 
alent to an adjustable load impedance, 
across W’hich is connected a voltmeter 
calibrated directly in watts dissipated in 
the load. It consists essentially of a volt¬ 
age divider and an autotransformer for 
adjusting the impedance level, and a set 
of resistive pads for adjusting atten¬ 
uation. 

The operation of the output power 
meter is extremely simple. For measur¬ 
ing the power that a circuit is capable 
of delivering into a given impedance, the 
impedance switch and multiplier arc set 
to the desired value, and the power is 
then indicated by the meter and its 
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multiplier. The internal impedance of 
the source under test can also be de¬ 
termined since it is equal to the im¬ 
pedance into which maximum power is 
delivered. 

The output power meter is extremely 
useful in exjierimental work where a 
number of power and iiiqx'danee meas¬ 
urements must Ik? made as the charac¬ 
teristics uf the circuit under measure¬ 
ment arc varied. It is a valuable aid in 
the design and testing of amplifiers, os¬ 
cillators. fil ters. transformers, and other 
networks, in making standard tests on 
radio receivers, ami in measuring the 
l>ower output of vacuum tubes. Its im¬ 
pedance range is wide enough to simu¬ 


late all types of loudsfieakers, ami its 
sensitivity is sufficient to measure di¬ 
rectly the output ami internal im¬ 
pedance of a magnetic phonograph 
pickup. 

Another use is in the measurement of 
the loss in a transformer working out of 
a given source impedance. The maximum 
output of the source is determined, after 
w hich the transformer is interposed be- 
tween the source and the meter, and the 
maximum output of tlie transformer is 
found. The difference between the two 
readings on the decibel scale gives the 
transformer loss directly. 


SPECIFICATIONS 


Power Range: 0.2 milliwatt to 100 watts in 
five range* ( 10 and 100 milliwatts, 1 . 10, ami 
KM) watts, full scald. \n auxiliary decibel wale 
reads from —10 to -4-50 dh referred to a level 
of 1 milliwatt. 

Impedance Range : 2.5 to20,000 ohm*. Forty 
discrete impedance*, distributed approximately 
logarithmically, are obtained by means of a 
ten-step OHMS dial and a four-step Ml I,- 

T1PLIER. 

Impedance Accuracy: The input impedance 

is within ±2 r , of the indicated value, except 
ut the higher audio frequencies, where tlie 
error for the higher imj>edance settings may 
exceed this value. At la.000 cycles the input 
impedance error is about 5‘ for impedances 
front 10,000 to 20,000 ohms. 


Power Accuracy: The indicated power is ac¬ 
curate to ±0.25 dh at full-scale reading. At the 
lowest impedance multiplier setting (2.5 to 20 
ohms) there mav he an additional error of 0.2 
dh due to switch contact resistance when the 
power multiplier is set at 10 (10 to 100 watt 
range). 

1 he over-all frequency characteristic of the 
power indication is flat w ithin ±0.5 dh from 20 
cycles to 10,000 cycles; within ±0.75 dh to 
1^,000 cycle*. 

Waveform Error: The indicating instrument 
used is a cop per-oxide rectifier meter, calibrated 
in r-m-s values for a sinusoidal applied voltage. 
NX hen non-simisoidal voltages are applied an 
error in indication may occur, since the meter is 
not a true r-m-s indicating device. The error 


Figure 2. Schematic circuit diagram of the Type 783-A Output Power Meter. 


IMPE0ANCE MULTIPLIER 
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will depend on the magnitude and phase of the 
harmonics present, hut, with waveforms nor¬ 
mally encountered in measurement circuits at 
communications frequencies, will not he serious. 
Temperature and Humidity Effects: Hu¬ 
midity conditions have a negligible effect on 
the accuracy of the instrument. 

The instrument is calibrated at 77° Fah¬ 
renheit. and if the ambient temperature de¬ 
parts widely from this value, additional errors 


of indication may be expected. \t high tem¬ 
peratures (‘)5° Fahrenheit i this additional error 
may approach the nominal calibration error, — v 
particularly at the higher frequencies. 

The heat dissipated by the instrument itself 
has no effect on the accuracy. 

Accessories Supplied: One Typk :271-\1 
Plug- 

Mounting: The instrument is mounted on a 
hakelitc panel in a walnut cabinet. 

Dimensions: 8 \ 18x7 inches, over-all. 

Net Weight: 17 pounds. 


Ty!>• < '<nh it ord Pria 

783-A Output-Power Meter. | abbey | $18.7.00 

This iniUrunirnt i» manufactured and fold under United State* Patent* No*. 1,901,343 and 1.901,344. 


RUBBER-COVERED CABLES 


• FOR THE PRESENT, at least, we 
have sufficient rubber-covered power- 
supply cables anti concentrie-shielded 
cables on hand to supply with new 
equipment. We cannot yet estimate how 
long our supply w ill last, hut as long as 
it does we will continue to furnish them. 
In the meantime we are searching for 
adequate substitutes. 

Because of the now very limited 
supply, we are sorry that we will not In* 


able to furnish rubber-covered cables 
either as spares with new equipment or 
for replacements, VIthough we believe 
that the cables we now supply as stand¬ 
ard accessories are the Itcst available, 
there are adequate substitutes for the 
power cables. I sers are urged to con¬ 
serve and repair broken concentric con¬ 
ductors, however, because substitutes 
for these, not employing rubber, are 
much more diflieult to find. 


HTHE General Radio EXPERIMENTER is mailed without charge each 
month to engineers , scientists , technicians , and others interested in 
communication-frequenty measurement and control problems. When 
sending requests for subscriptions and address-change notices , please 
supply the following information: name, company name, company ad- 
flress , type of business company is engaged in, and title or position of 
individual. 
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